Far 31-53-4340733 {a.j.vanderschaft,a.a.julius} @math.uovenie.nl Abstract A fundamental question in systems and control theory concerns the characterization of the set of achievable closedloop systems for a given plant system and a controller system to be designed. This problem, for example, shows up in assessing the 'limits of performance' of a controlled system. Similar problems have been studied by researchers in automata theory and discrete event systems replacing the notion of closed-loop system by the composition of a given system and its controller. In this paper this problem is addressed in a general behavioral context. Necessary and often sufficient conditions for a behavior to be achievable are given, and for any achievable behavior a canonical controller is defiued. These results generalize previously obtained results obtained for finite-dimensional linear systems. Next these general results are applied to classes of automata and hybrid systems.
Introduction
One can compactly express a plenitude of problems by considering the solution of equations of the form T l l e s s
(1) with P and 8 given, say continuous, discrete, or hybrid systems, in the unknown system e. This equation lies at the heart of modularity; for analysis and design. Of course, in order to make sense of this equation one has to make precise the definition of system Composition (11) and system equivulence (E).
Versions of this problem have been investigated (from different points of view) by researchers in many m a s , including automata theory, several process algebra formalisms and control theory. For example, within systems and control theory the fundamental question of the 'limits of performance' of a controlled system, and the parameterization of If, controllers for a given plant system, can be regarded as instances of this general problem, recognizing P as the plant system, S as the desired (closed-Imp) system behavior, and e as the controller to be constructed. We consider 5' and e to be systems in a general behavioral sense, that is, as a collection of allowable system mjectories. Formally, let W be a general set where the variables w take value,,and let Z be the set where the variables L take value. FurthemKlre, let T be a general set denoting the timeaxis. (Note that although we primarily think of T as R or 2 we do not impose any conditions on the set T.) The plant system P is given as a collection of time-functions (w,z)
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The general solvability of equation (1) has been addressed and solved within a general behavioral framework in [lo] (see also [7. 41) for finife-dimensional linear differential systems. In this version of the general problem P,S and e are all linear system behaviors (that is, the trajectories or 'traces' generated by the finitedimensional linear system). Furthermore, in t h i n behavioral setting the system composition )[ denotes intersection of behaviors. while the system equivalence is just equality of behaviors.
Very recently, the results of [lo] have been extended and generalized to genernl behavioral systems in [61; obtaining sufficient and often necessary conditions for solvability of (l), and, in case of solvability, the construction of a controller solving (1). In the current paper we will summarize and extend the results of [6] in Section 2, and then apply in Section 3 these results to the case when P,S and C are (subclasses of) automata and hybrid systems. Hence also z E Gm (take $ = w), and thus w E P e, := { z : T -+ Z I 3 : T + W such that (J,z) E Y and 0 E 8 ) Necessity of condition (ii) is more subtle. Let ? (6) e = S .
Then for every
Hence condition (ii) is necessary for a non-empty subset of 2 E Z r suchthat(w,z'),(@,z') E?. Fw(a) = {
The symbol T denotes the silent event.
Let A be the language generated by the automaton A. Denote each element of A as (al,az,a,,. ..) E E'. We now define the behavior of the synchronized plant system P as the collection of all traces ( ( w l~~) , ( w~, z z ) ,
Notice that we need to introduce the silent action T in order to have the forced synchronization between W and Z.
The case where W and Z are not synchronized is somehow analogous to the case where not all variables are observable from the variables used for interconnection in linear behaviors. For example, in the case of full synchronization between W and Z, it is possible to achieve the null hehavior (the one that contains no traces at all) as a specification by interconnecting the plant with a null behavior as a controller. In the non-synchronized case, this is not necessarily true. For linear behaviors, the null behavior is achieved by using the null controller (the one that contains only the zero trajectory of information is intimately related to the concept of controllability and observability, as controlling a behavior can be associated with feeding information to it and observing with extracting information from it. We suggest developing more general notions of conaollability and observability in the behavioral framework as a potentially fruitful course for further research.
Another venue to the extension of Proposition 9 to the non-synchronized case is to replace the equality sign in P 1l1 e = 8 by an equivalence relation such as (weak) bisim-
). This will necessitate to extend the behavioral approach taken in this paper to non-deterministic automata, which are not completely specified by their generated languages. We leave this as a topic for future research. From the general behavior theoretical p i n t of view, there are also things to be done. Many of the concepts and theory in the arsenal of tools of behavior theory were developd for linear behaviors. We may need to generalize and extend the existing tools to be able to handle general behaviors. General behavioral approach undoubtedly will overlap with the existing bodies of theory concerning the systems in consideration. To End and expose the relation between these more classical theories and the behavioral approach, as it has been done in linear systems, is an appealing research problem. In particular, we consider translating the conditions of Theorem 1 to a process-algebraic setting as one topic that matches this idea. 
